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The Mexican Response to high Altitudes in
the 1890s: The Case of a Physician and his
"Magic Mountain"
ANA CECILIA RODRIGUEZ DE ROMO and JOSE ROGELIO PEREZ PADILLA*
Introduction
Mexican science-andexperimental medicine inparticular-attheendofthenineteenth
century is little studied by historians, although it is extremely rich and attractive. Current
tendencies inthehistory ofscience make asharpdivisionbetweenthescienceofdeveloped
countries andthatof"developing" ones; referring to the latter as "peripheral" science,' as
itis felt that it cannotbe measured by the same parameters as the science that is carried out
with greater resources and that contributes revolutionary knowledge. One possible reason
might be the lack ofknowledge ofperipheral science, given that, from the late nineteenth
century, science in its purest experimental and methodological2 senses was indeed being
done; science that did in fact make real contributions toknowledge, though they are all but
unknown.
In this paper, we use modem criteria to analyse some of Dr Daniel Vergara Lope
Escobar's experimental results.3 For almost thirty years, this doctor studied the bodies
ofhiscompatriots withthemainobjective ofprovingthatthey were notinferiorjustbecause
theylived onMexico'shighplateau. According toEuropeanphysiologists oftheperiod, the
low barometric pressure (585 mmHg) andhighelevation (2,240 metres above sealevel) of
the area meant that the inhabitants breathed a kind of "rarefied" air which was believed to
have alower oxygenconcentration thatcausedphysicallethargy and "cerebral" anaemia.4
When he began his research, Vergara Lope studied cardio-respiratory physiology, but he
devotedthelateryearsofhis careermainlytothestudyofanthropometry.5 Hisintention was
always the same, however: to prove that the Mexican race was not inferior because ofthe
environment in which it lived.
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Theoriginality ofthe study wepresenthereconsistsofthefollowingfeatures: first, itisa
modem interpretation ofpast events, still embedded in their historical context; second, it
demonstrates the largely unknown work of an important Mexican scientist; third, it deals
withtheimportancegiventotheinfluenceofnationalcontextandpersonalmotivationinthe
workofscientists; and, fourth, itincludes acomparison ofdataontherespiratory functions
ofthe nineteenth-century Mexican population withthose ofpopulations recently studiedin
moderate-altitude zones.
Background
Social and Scientific Environments in Mexico
In the way of all totalitarian regimes, the dictatorship of Porfirio Diaz (1830-1915)
brought about economic, political and social problems. It must be recognized, however,
thatitalsoinitiatedalongperiodofpeacethatlastedalmostthirtyyearsandallowedthearts
and sciences to flourish. In addition, President Diaz was convinced ofthe utility ofscience
and had his own highly personal interpretation of positivism. He believed that those
countries that encouraged scientific activities were "developed",6 so his support ofscien-
tific research during this epoch was congruent with his project for the nation. Order and
progress were fundamental for apeople in search ofan identity thatneeded tobe validated
medically.
During thePorfiriato (as theperiod ofPorfirio Diaz' dictatorship is commonly known),
scientific activity took off, as scientists acquired new significance for the government.
Institutes, academies and societies were created,7 and an impressive number of scientific
journals began to be published. Physicians were very importantin this process, because, in
addition to their specifically medical activities, they were also botanists, zoologists, nat-
uralistsandphilosophers.8 ThiswasthecontextinwhichthephysicianDanielVergaraLope
Escobar(1865-1938) grew anddeveloped. He was atypical sonofeducatedpeople in that
generation and was schooled in that purest of positivisms implanted in Mexico by the
physician Gabino Barreda (1818-81). Vergara Lope, afaithful admirer ofClaude Bernard
(1813-78) and follower ofhis precepts ofexperimental medicine, did his scientific work
at the Instituto Medico Nacional (IMN, or National Institute of Medicine). Created on
7 December 1888 and suppressed on the same date in 1915, the IMN was nourished
by a fervent nationalistic sentiment that studied the fauna, flora, climate and geography
ofMexico.9TheInstitute contained five sections andVergaraLopebelonged tothethird-
Experimental Physiology-where he set up his own laboratory. Although salaries for
researchers were included in the Institute's budget, scientists were assumed to work
only a few hours a day; the Institute did not conceive of the modern figure of the full-
timeresearcher. This makes VergaraLopeevenmorenoteworthy, as, notonlydidhespend
6A C Rodriguez de Romo, 'Lacienciapasteuriana 8A C Rodriguez de Romo, 'Las ciencias
a traves de la vacuna antinribica; el caso mexicano', naturales en el Mexico Independiente; una visi6n de
Dynamis, 1996, 16: 291-316. conjunto', in H Arechiga and C Beyer (eds), Las
7L F Azuela Bemal, Tres sociedades cientificas en ciencias naturales en Mexico, Mexico, Fondo de
el Porfiriato. Las disciplinas, las instituciones y las Cultura Econ6mica, 1999, pp. 93-128.
relaciones entre la ciencia y elpoder, Mexico, 9Ibid., p. 113.
SMHCYT-UNAM, U. Nezahualc6yotl, 1996.
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moretimeattheInstitutethanwasrequired,heevenwentsofarastopayformaterialsoutof
his own pocket.
Vergara Lope's personal life was unsettled and perhaps sad. After devoting all his
strength, efforts and money to physiological research, he died in poverty; forgotten and
even attacked by younger physicians of the period, including some whom he had on
occasion helped.'0
High-Altitude Medicine Worldwide
Descriptions oftheeffects suffered by those who ascend toelevations over2,500metres
above sealevel are quite ancient," butthe scientific study ofhigh-altitude medicine really
began early in the eighteenth century, continuing into the late twentieth century. In earlier
periods, symptoms were described and strange explanations of "mountain sickness" were
proposed.12
PaulBert(1833-86)wasoneofthemostimportantpioneers inthescientific studyofhigh
altitudes. In 1878, he published La pression barometrique. Recherches de physiologie
experimentale.'3 As was common at the time, Bert described the symptoms shown by
people who climbed mountains, but his original contribution to the knowledge of high-
altitude physiology consisted in demonstrating that the effects of low pressure could be
explained on the basis of the reduction of the partial pressure of oxygen. High-altitude
hypoxaemia was inevitable andcaused damage, while lowpressure-in andofitself-was
innocuous; a situation that was not fully understood until much later. In his book, Bert
describestheuseofthelow-pressure chamber, aresearch strategythatallowedhimtoreach
important conclusions. He alsodemonstrated that, regardless ofbarometric pressure orthe
concentration of02,thelethal levelofoxygenpressure (P02) wasalwaysexactlythe same.
Bert's experiments are considered classics in this field. Another physiologist, Angelo
Mosso (1846-1910) from Turin, also made numerous observations using a low-pressure
chamber, but he was unable to confmn Bert's results and in 1898 postulated that "high-
elevation sickness" was caused by the lack of carbon dioxide (CO2); a phenomenon to
which he gave the name "acapnia". 4
In 1913, two Englishmen, C Gordon Douglas (1882-1963) and John S Haldane (1860-
1936),publishedtheirfindingsontheascentofPike'sPeak(at4,300metresabove sealevel
and 460 mm Hg). Their most important conclusion concerned the apparent pulmonary
"'A C Rodriguez de Romo, 'Un cientifico was the cause offatigue. J B West (ed.), High
mexicano y su visi6n romantica de la fisiologia de las altitude physiology, Stroudsburg, PA, Hutchinson
alturas', Ciencia y Desarrollo, 2000, 24: 40-7. Ross, 1981, p. 14.
1 See, for example, Fray Jose de Acosta's 1590 13P Bert, Lapression barometrique. Recherches
description of "mountain sickness", in Pariaca, Peru. dephysiologie expe'rimentale, Paris, Masson, 1878.
Jose de Acosta, Historia naturaly moralde lasIndias, Bert dedicated his book to Denis Jourdanet and
introduction, appendix and anthology by Barbara G expressed his appreciation to Jourdanet for having
Beddal, Valencia, Valencia Cultural, 1977, pp. 140-6. provided him with the material forhis research and the
12For example, it was thought that barometric idea that he proposed as a result of his research in
pressure was important for maintaining the head of Mexico.
the femur in its socket, and that high elevations caused 14Angelo Mosso, Life ofman on the high Alps,
the muscles around it to work in excess in order to transl. E Lough Kiesow, London, T F Unwin,
keepthisarticulation inplace. Thisextraordinary effort 1898, pp. 289-92.
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secretion of 02.15 In 1921, Joseph Barcroft (1872-1947) organized an expedition to the
CerrodePasco inPeru, butfoundnoevidence ofthepulmonary secretionof02. According
to Barcroft, the tendency ofthe arterial saturation of02 to decline during exercise at high
altitudes could be explained by the rupturing ofthe equilibrium ofP02 in the pulmonary
capillaries; a factor that limited 02 consumption at higher elevations.16
Theincreaseintheconcentrationofhaemoglobinwasoneoftheearliestproposalsrelated
to compensating mechanisms at high altitudes. In 1882, Bert published a study on this
idea,'7 and in 1890, Francois Viault (1849-1918) published his own observations on
the phenomenon known as high-altitude polycythemia, based on a trip he had made to
Morococha, Peru, a year earlier.18 In 1913, Mabel FitzGerald (1872-1973) reported an
increase in haemoglobin among residents of the mountains of Colorado in the United
States.'9 In this same study, FitzGerald called attention to the relationship that exists
between alveolar PCO2 and altitude.
The first contributions to the study ofhigh-altitude physiology date from between 1890
and 1920. Atthattime, mountain-climbing was infashion, andexperimental medicine was
in its heyday. Scientists from many countries became interested in the influence of the
atmosphere on health,20 Vergara Lope among them. Before 1920, those who contributed
most to this field were theFrenchman Paul Bert, theItalianAngelo Mosso, andtheEnglish
researchers John Haldane and Mabel FitzGerald.
The Work of the Mexican Physiologist
VergaraLopedescribedphysiologicalandanatomicalmechanismsthatcharacterizedthe
adaptation to high elevations. This was a novel contribution during the period, and he was
thefirstphysiologist toundertake acompletely medical approachandtoofferexplanations
(physiological, anatomical and anthropological) of the problems of respiration at high
altitudes.
He proposed the existence ofaphenomenon ofacclimatization tohigh altitude based on
certain physiological and anatomical modifications. Two very important changes for him
werehyperventilation andpolyglobulia. Withrespecttohyperventilation, itshouldbenoted
'5C G Douglas, J S Haldane, Y Henderson and
E C Schneider, 'Physiological observations made in
Pike's Peak, Colorado with special reference to
adaptations to low barometric pressure', Phil. Trans.
Royal Soc., Series B, 1913, 203: 185-9, 195-200,
308-9.
16J Barcroft etal., 'Observations upon theeffect of
high-altitude onthephysiological processofthehuman
body, carried out in the Peruvian Andes, chiefly at
Cerro de Pasco', Phil. Trans. Royal Soc., Series B,
1923, 211: 351-3, 355-62, 450-4, 479-80.
17P Bert, 'Sur la richesse en hemoglobine du
sang des animaux vivant sur les hauts plateaux',
Comptes Rendus de la Academie des Sciences, 1882,
94: 805-7.
'8F G Viault, 'Sur l'augmentation consid6rable du
nombre des globules rouges dans le sang chez les
habitants des hauts plateaux de l'Amerique du Sud',
Comptes Rendus hebdomadaires des S6ances de
l'Acadedmie des Sciences, 1890, 111: 917-18.
19M P FitzGerald, 'The changes in the breathing
and the blood at various high altitudes', Phil.
Trans. Royal Soc., Series B, 1913, 203: 351-8, 370-1.
200ne important indication of this interest was
the fact that numerous studies on high-altitude
physiology were submitted to the Smithsonian
Institution. In the 1895 concourse in which Vergara
Lopeparticipated, thefollowingstudieswerereceived:
66 from the USA, 40 from France, 33 from Germany,
19 from England, 8 from Italy, 6 from Russia, 9
from Austria-Hungry, 4 from Denmark, and one each
from Belgium, Scotland, Ireland, Norway, Bohemia,
Finland, Spain, Bavaria, Switzerland, Serbia, India,
Canada, Mexico and Argentina. Annual Report ofthe
Board ofRegents ofthe Smithsonian Institution,
Washington, Government Printing Office, 1895, p. 12.
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thatBertdidnotbelievethisactuallyoccurred. Rather,hearguedthatthosewholiveathigh
elevations made no attempt to struggle against oxygen deficiency by increasing their
respiratory frequency (inthis sense, Bert'sthinking was similartothatofDenisJourdanet).
Ifsuchastruggledidtakepace,itwouldbecausedbytheaccelerationorgreaterextentofthe
respiratory act itself. According to Bert, such acceleration didnotoccur, anditwouldhave
been most difficult to prove greater depth of inspiration through measurements.2'
Ourstudydealsspecifically withVergaraLope'sexperimental resultsconcerninghyper-
ventilation. Vergara Lope published his earliest findings on the increase of respiratory
frequency in 1890. The firstknown report onhyperventilation appears in abookby Mosso
of 1898. This demonstrates that Vergara Lope was indeed a pioneer in postulating hyper-
ventilation as a compensatory mechanism for high-altitude hypoxaemia.
TodayweknowthattheincreaseinventilationreducesthedecreaseinarterialPG2and,as
aresult, thesupply of02totissues; aprocessthatisrecognizedasoneofthemostimportant
compensating mechanisms of high-altitude physiology. For this reason, Vergara Lope's
proposals are still relevant, even though he cannot take full credit for discovering them.
Between 1890and 1926,VergaraLopepublishedthreebooks22andsomefortypaperson
a variety oftopics, though all related to moderate orhigh-altitude physiology. In 1891, he
described high-altitude polycythemia23 (he was unaware then that Bert [1882] and Viault
[1890] hadalreadypublishedthesameobservations), andby 1912hehadconcludedthatthis
phenomenon was not associated with the overproduction ofred blood cells.24 His work on
hyperglobulia at high elevations is so abundant that it constitutes material for another
analysis in itself.
Asearly as 1894, VergaraLopebegan to use compressed, rarefied airintreatingpatients
withrespiratory andcardiacproblems.25 Hecarefully studiedchangesinarterialtensionand
theconcentration oferythrocytes inrelationtoatmospheric pressure andvariationsinblood
gases.26Due tolimits ofspace, we cannotdescribe indetail all ofVergaraLope's contribu-
tions to bettering our understanding of high-altitude physiology, nor is it the aim of this
study to recount and analyse in detail each and every one of his contributions. The best
evidence ofhis labours can be found inhispublications in the leading scientificjournals in
Mexico in the late nineteenth and early twentieth centuries. In summary, for many years
21CitedbyWest, op. cit., note 12 above, pp. 358-9.
22D Vergara Lope, Refutacio'n teo'rica y
experimentaldelateoriadelaanoxihemiabarometrica
del Dr. Jourdanet, Mexico, Oficina Tipogrifica de la
Secretaria de Fomento, 1890; idem, La anoxihemia
barome'trica. Mediosfisidlogicos y mesoldgicos que
ayudan al hombre a contrarestar la accio'n de la
atmo'sfera rarificada de las altitudes: la tuberculosis
en las altitudes, estudiopracticado en el Instituto
Medico Nacional, Mexico, Oficina Tipogrifica de la
Secretaria de Fomento, 1893; A L Herrera and
D Vergara Lope, La vie sur les hauts plateaux.
Influence de lapression barome'trique sur la
constitution et le de'veloppement des etres organises,
Mexico, Imprimerie Escalante, 1899.
23D Vergara Lope, 'La anemia de las alturas o la
anoxihemia', El Estudio, 1891, 2: 65-8.
24D Vergara Lope, 'La hiperglobulia de las
altitudes no es fen6meno de hematopoiesis', Gaceta
Me'dica de Mexico, 1912, 7: 417-24.
25D Vergara Lope, 'Estudios acerca de las
aplicaciones terapeuticas del aire enrarecido',
Memorias de la Sociedad Cientifica Antonio Alzate,
1894, 8: 111.
26D Vergara Lope, 'Los aparatos para el
estudio quimico de la respiraci6n del hombre y de los
animales', Anales del Instituto Medico Nacional,
1900, 4: 367-73; idem, 'Las variaciones de la tensi6n
sanguinea en relaci6n con las de la presion
barometrica', Gaceta Meidica de Meixico, 1906-7,
1: 64-77; idem, 'La densidad de la sangre y la tensi6n
en los habitantes de las altiplanicies de gran altitud',
Gaceta Medica de Me'xico, 1912, 8: 317-30.
497A C Rodriguez de Romo and J R Pe'rez Padilla
-i -
Figure 1: Daniel VergaraLopeEscobar,betweentwenty-five andthirtyyears old.FromFFernandez
del Castillo, Historia bibliografica del Instituto Medico Nacional, Mexico, Imprenta Universitaria,
UNAM, 1961.
Vergara spent his time measuring the size of his compatriots' thoraxes, as well as their
height, weight, respiratory and cardiac capacity, the volume of the air and oxygen they
breathed, and theirpulse, respiratory frequency, arterial pressure, red blood cell count and
the chemical phenomena of gases. In the final phase of his career, Vergara Lope
devoted himself to anthropometry,27 with the objective of defining the anatomical para-
meters ofMexican bodies in relation to the geographical conditions oftheir environment.
In his research, Vergara Lope used a wide variety of devices to measure Mexican
bodies, many of which-including the cyrtometer, the thoracograph and the
ortho-radiograph-were his own inventions.28
Theresultsofhisexperimental workledVergaraLope toproposethe "lawofcompensa-
tion", according to which the medical problems generated by the rarefied air and lower
pressure at higher altitudes were balanced (compensated) by proportional increases in the
number of respirations, pulsations and red blood cells (high-altitude polycythemia). This
law speaks ofakind ofenvironmental adaptation. In addition, these physiological changes
27A C Rodriguez de Romo, 'La mesure et la Medicina en lasesi6n del 30dejuniode 1909', Gaceta
valeur. Un documentd'anthropom6trie mexicaine", in Me'dica de Mexico, 1909, 4: 760-4; 'Una nueva e
Patrice Bret (ed.), Le memoire de la science, Paris, importante aplicaci6n de la orto-radiograffa por el
Acad6mie des Sciences, in press. Dr.D.VergaraLope', GacetaMedicadeMexico, 1910,
28D Vergara Lope, 'Toracografo del Dr. Vergara 5: 174-85; 'Nuevo cirtometr6grafo del Dr. Vergara
Lope presentado ante la Academia Nacional de Lope', Gaceta Me.dica de Me'xico, 1911, 6: 135-6.
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broughtonanatomical manifestations, andcouldbeinterpretedmathematically. Thismeant
thatphysiological and anatomical changes were amatterofproportionality. Thus, Vergara
Lopewasthefirstphysiologisttostudyhigh-altitudemedicineinacomprehensiveway,and
the first to propose integrated compensating mechanisms.
In 1895, the winner of the silver Hodgkins medal for the study of high-altitude physi-
ology, sponsored by the Smithsonian Institution in Washington, was La vie sur les hauts
plateaux.29 A book of some 800 pages that examines animals, plants and humans at high
elevations, it was written in French by Vergara Lope in collaboration with Alfonso L
Herrera (1860-1942), a naturalist. Herrera was responsible for the sections on plants
and animals, while Vergara Lope wrote the parts on human physiology, anatomy and
pathology.
As amedical student, VergaraLopehadreadLeMexique etl'Amerique tropicale by the
French physician Denis Jourdanet (1815-1892), in which the authorpresented his impres-
sions concerning the influence of altitude on the life of the inhabitants of the Anahuac
Valley, inCentralMexico.30OneofJourdanet'smostimportantconclusionswasthetheory
of"barometric anoxaemia", whichheldthatunderconditionsoflowerbarometricpressure
andalowerconcentrationofoxygen,thereexistedagreaterpredisposition topathologythat
impoverished intellectual capacity.31
According to Vergara Lope himself, he read Jourdanet's book in the early months of
1889, and in May of that same year he began his experiments at the Instituto Medico
Nacional, in which he set himselfthe task offinding sound scientific reasons for refuting
Jourdanet'stheory.32 On23 May 1890, hedefendedhisresults inordertoobtainthedegree
of "medical surgeon".33 Also in 1890, he published a study refuting the theory of anox-
aemia,entitled,Refutacio'nteo'ricayexperimentaldelateoriadelaanoxhemiabarometrica
del DrJourdanet. His conclusion was that the theory ofbarometric anoxaemia was false,
andheprovidedexperimentaldatasupportingthisaffirmation,crystallizedinwhathecalled
the "law of compensation".
29In October 1891, Thomas George Hodgkins had
donated $200,000 to this Institution, stipulating that it
should be devoted to "research and investigation on
atmospheric air, in connection with the welfare of
man". G B Goode (ed.), The Smithsonian Institution,
1846-1886: the history ofitsfirst halfcentury,
Washington, 1897,p. 241.Thefirstconvocation forthis
award was published in March 1893 in the leading
scientific journals of the world. The deadline for
submittingresearchpaperswas31 December 1894, and
some 218 papers were received. The results were
announced on 9 August 1895. The terms of this
competition were very specific: three prizes were tobe
granted, the first of which was worth ten thousand
dollars, for "some new and important discovery in
regard to the nature of [the] properties ofatmospheric
air". It was awarded to Lord Raleigh and William
Ramsey from London, for the discovery ofargon. The
secondprize, oftwothousanddollars, wasforthestudy
of the properties of atmospheric air and its relation to
the natural sciences. It was not awarded because "no
contestant complied strictly with the terms of the
offer". The third prize-for the "best popular treatise
upon atmospheric air"-was granted to Henry de
Varigny, a Parisian. The committee considered,
however, that there were some outstanding works to
which it had been unable to give a prize, despite their
high merit, and Vergara Lope's was the first study on
this list; thus, he was awarded a silver medal. Annual
Report ofthe Board ofRegents ofthe Smithsonian
Institution to July 1895, Washington, Government
Printing Office, 1896, pp. 11-14.
30D Jourdanet, Le Mexique et l'Ame'rique
Tropicale: climnats, hygiene et maladies, Paris and
London, J B Bailliere et fils, 1864.
31Ibid., pp. 221-2.
32Vergara Lope, La anoxihemia barometrica,
op. cit., note 22 above, p. 4.
33Archivo Hist6rico de la Facultad de Medicina,
UNAM, Expedientes de alumnos, leg. 58, exp. 5.
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The Data from 1893
We chose the results on respiratory frequency published in Vergara's 1893 book,
Laanoxihemia barometrica, because itincludes hisearlierfindings from 1890. His earliest
experimental dataappearinbothpublications, insupportofthemechanismthatheproposed
was most important in the adaptation to high elevations; that is, the increase in respira-
tory frequency. These results are sufficiently abundant to allow us to follow his studies of
respiratory frequencyandalsovitalcapacity; twooftheprincipalparametersuponwhichhe
based the "law ofcompensation". Vergarausedtheterm respiratory frequency inthe same
sensethatitisusedtoday; whilehereferredto "vitalcapacity" indiscriminately as "respira-
tory capacity", "size of the thorax" and, at times, "mean capacity" or "pulmonary air
capacity"; assigning it an average value of between 3.5 and 4 litres.
Part ofthe sub-title ofthis study is: 'Tuberculosis athigh altitude: a study undertaken at
the National Institute ofMedicine'. This bookis well written in the sophisticated style that
was fashionable atthe time. The introduction is concise andattractive, andleads the reader
toimaginethatheorsheisabouttoencountersomethingnovelconcerninganoriginaltopic.
Vergara Lope asked how it was possible that Jourdanet's theory had survived for thirty
years without anyone questioning it. InVergaraLope's time, ithadbeen suggestedthatthe
Valley ofMexico was, in fact, a kind of "magic mountain", containing all ofthe qualities
necessary to treat people with anaemia, sclerosis, tuberculosis and neurasthenia.34 His
treatise is divided into five sections, throughout which it transmits an intense nationalist
sentiment. The first section is devoted to a detailed description of Jourdanet's original
theory. Theseconddealswiththephysiological responsesandanthropometricchangesthat,
according to Vergara, compensate forthedeficient oxygen level athighaltitudes. Thethird
discusses the action oflight and temperature on acclimatization tohighaltitudes, while the
fourth refers to the phenomenon of acclimatization in general. In addition to refuting
Jourdanet's theory, the final section defends the beneficial role of high altitudes in the
treatment of tuberculosis.
VergaraLopecitestheprincipal authorsofhistimeinthisfield. Thoughitmayhavebeen
relatively simple for him to obtain his compatriots' publications, gaining access to foreign
publications in a world that lacked modern means ofcommunication could not have been
quite so simple a matter. As the title ofthe book suggests, he carried out experiments and,
evenclimbedthePopocatepetl volcanoaccompaniedbygroupsofpeoplewithverydiverse
characteristics in order to take measurements ofmany physiological variables. His results
arepresented inthreetables attheendofthetext, which includedatafrom 50 (including 10
women), 53 and 16 patients respectively (although 7 ofthe patients in the third chart were
also included in the second). For each of these patients, Vergara Lope measured what he
called the mean thoracic circumference, thoracic excursion, the length ofthe sternumfrom
the notch to its point of union with the xiphoid appendix, respiratory capacity (vital
capacity), thequantityofairinspired(tidalvolume), thenumberofrespirations, thenumber
ofpulsations, the level ofhaematocrit, and the number ofred and white bloodcells and the
ratio between them. He also noted the name, age, height, weight, profession and state of
34Vergara Lope, La anoxihemia barome'trica,
op. cit., note 22 above, p. 5.
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health of each subject (see Table 1, for data on age, height and weight). In his view, the
increase inpulmonary respiratory capacity was the key to acclimatization.35 Toprove this,
he processed his results arithmetically.
How Vergara Lope carried out his Measurements
Before analysing the findings in VergaraLope'sLaanoxihemia barometrica, itis worth
mentioning that when evaluating his measurements he also took into accountthe humidity
andtemperatureofboththeenvironmentandofthesubjectshestudied. Inaddition,henoted
theirages, andwentto greatlengths toassurethatthey were ascomfortable aspossible. His
methodology formeasuringrespiratoryfrequencywillbeexaminedinaseparatesection, as
it is the central objective of this study.
Humidity
In 1919, Vergara Lope stated:
... I am the first [person] in Mexico to demonstrate ... the relationship between cause and effect
that exists among the hyperglobulia, rarefaction and aridity that are characteristic of atmospheric
air; to such a degree that there exists an almost mathematical proportionality between the intensity
ofthe former [hyperglobulia] and the degree reached by such climatological factors. I was also the
first to point out the modifications in the normal form and line of the sphygmograph among
inhabitants ofMexico, which are observed as a result ofthe same causes already mentioned: blood
density and the pressure at which it circulates through our blood vessels.36
In order to carry forward his research, Vergara Lope measured the mean relative
humidity indifferentparts ofthe country andaffirmed, forexample, thatbetween altitudes
of 1,000 metres and2,000metrestherelativehumidityrangedfrom77 to60percent; while
between 2,000 and 2,600 metres, it varied from 67.5 to 48.4 per cent.37
Age
Forhisstudies,Vergarausedpeoplerangingfromafive-month-oldbaby38to77-year-old
adults. In the extreme age ranges, he measured-principally-the blood cells and respira-
tory frequency. He also undertook a special anthropometric study ofchildren in an orpha-
nage, in which the measurement ofrespiratory frequency was important.39 The results of
these studies were not published, although in the Archivo General de la Nacion (General
Archives of the Nation) there is a highly detailed report that includes graphs, tables and
photographs. In the book he wrote with Herrera, La vie sur les hautsplateaux, there is an
abundance oftables that summarize his measurements, including those ofmen and women
of diverse ages and also children.40
35Ibid., p. 28. antropome'tricas en ninios del hospicio, 1905,
36D Vergara Lope, 'La hematologia de las SecretariadeInstrucci6nPiblicayBellasArtes,galeria
altitudes', Gaceta Me'dica de Me'xico, 1919, 54: 4. 5, caa 132, exp. 3.
37Ibid., p. 9. Herrera and Vergara Lope, op. cit., note 22
38Ibid., p. 11. above, pp. 472, 473-5, 479. Figures for 77-year-old
39Archivo General de la Naci6n, Informe del adults appear in D Vergara Lope, 'Hematologia
doctor Daniel Vergara Lope, de sus mediciones de las altitudes en sus relaciones con la clinica y la
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Temperature
Vergara Lope knew that the atmospheric temperature decreases proportionally with the
degree of rarefaction of the atmosphere. According to his measurements, however, the
temperature ofmen (and animals) remained "exactly the same" (emphasis in the original)
asthatofthemen andanimals ofthetemperate climates ofEurope.41 InLa viesurleshauts
plateaux, Vergara Lope devoted many pages to his reflections and experiments on the
temperature of the environment of animals and men.42
The Relationship between Respiratory Frequency and Atmospheric Pressure
According to VergaraLope, theaverage numberofrespirations perminuteofpermanent
inhabitants ofthehighplateau was22, afigurethatcharacterized athird (31 subjects) ofthe
people in a group of 103 individuals, whose values ranged from 17 to 30.43 In Mexico, the
barometric pressureis580mmHg, whileinParistheaveragerespiratoryfrequencywas 17,
atabarometric pressure of750mmHg.44Upon dividing these twopairsofvalues, Vergara
Lope obtained the following:
750/580 = 1.293 and 22/17 = 1.294.
A difference of only one one-thousandth in the coefficient was so insignificant that the
following ratio could be established:
750:580 as 22:17 (750 is to 580 as 22 is to 17).
According to Vergara Lope, then, the law ofcompensation would state the following:
"respiratory frequency is directly proportional to altitude and inversely proportional to
atmospheric pressure". Inotherwords, thenumberofbreathstakenperminuteincreases at
higher altitudes and lower pressures.45
The Relationship between Vital Capacity and Atmospheric Pressure
Vergara stated that, according to the books ofhis time, the mean respiratory capacity in
Paris was 3 litres, while according to his measurements the mean for altitude dwellers in
terapeutica', Memorias de la Sociedad Cientifica
Antonio Alzate, 1895, 1: 148-9.
41 D Vergara Lope, 'Laatm6sfera de las altitudes y
el bienestar del hombre', Memorias de la Sociedad
Cientifica Antonio Alzate, 1895-96, 9: 182; idem, 'La
calorification dans les altitudes', Memorias de la
Sociedad Cientifica Antonio Alzate, 1896-97,
10: 49-59.
42HerreraandVergaraLope,op.cit., note22above,
pp. 534 44.
43Although here we consider only the values
obtained up to 1893, it is important to mention that
Vergara Lope continued to measure respiratory
frequency, and that his results were always similar.
Herrera and Vergara Lope, op. cit., note 22 above,
pp. 464, 472-5.
44Vergara Lope took these data from the work of
P Bert, La pression barometrique, (op. cit., note 13
above), who, in turn, reported that he had taken the
same data from D Jourdanet, Influence de la pression
de l'air sur la vie de l'homme, Paris, Masson, 1875,
vol. 2, p. 330. According to Jourdanet, the figures
for Mexico City are as follows: barometric pressure,
57cm Hg, elevation, 2290 metres above sea level
(he does not mention respiratory frequency). The
figures for the city of Paris are: barometric pressure,
75cm Hg, elevation, 212 metres above sea level,
and respiratory frequency, 17 per minute. Vergara
Lope accepted the figures for Paris, but took his
own measurements for Mexico City; thus he
used a barometric pressure of 580, instead of
Jourdanet's 570.
45Vergara Lope, La anoxihemia barometrica,
op. cit., note 22 above, p. 40.
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Mexico was to be placed at around 4 litres. Upon applying the above "rule of propor-
tionality", we find:
4 litres/3 litres = 1.33 litres, and 750mm Hg/580mm Hg = 1.29.
This slightdifference ofjustfour-hundredths issosmallthatitcanbediscarded, leavingthe
following ratio:
4 litres:3 litres as 750mm:580mm.
This result allowed Vergara Lope to confirm the law that had emerged previously from his
analysis of respiratory frequency: "vital capacity is directly proportional to altitude and
inversely proportional to atmospheric pressure". To put it another way, the lower the
pressure and the higher the altitude, the greater the respiratory capacity.46 At this stage,
he observed something oftremendous importance: the difficulty ofmeasuring respiratory
capacity. He wrotethatitwas noteasytoestablishrespiratory capacity withgreataccuracy,
because in order to obtain valid readings it was necessary to have one's own well-
constructed apparatus, know how to handle it well, and train the subject who was to be
observed. Taking these difficulties into account, Vergara Lope acknowledged that it was
preferable to obtain the thoracic circumference and excursion, as they were more easily
measured.
Vergara Lope was aware of the importance of correct measurements, and stated:
The measurement ofthe mobility of the thoracic cage is tremendously important. The capacity for
inspiration does not depend so much on the greater or lesser circumference ofthe thorax, as on the
degree ofmobility that the cage can attain; the circumference, in effect, may vary according to the
quantity of adipose and connective tissue, as well as to muscular development. The dilatation of
the thorax varies according to the place in which it is measured. We found maximum excursion at
the level ofthe epigastrium and then at the level of the xiphoid appendix. It is at this level that we
carry out our measurements in Mexico.47
Vergara Lope devoted great effort to his measurements of thoraxes, and measured an
enormous numberofsubjects.48 In addition tousing the manual method, he also employed
instruments.49
He concluded that when the blood "is thirsty for oxygen at the altitude ofthe Valley of
Mexico", thefirst stepthatthecompensatorymechanismtakesistoincreasetherespiratory
frequency to amean figure of22 perminute. This is the indispensable prelude thattriggers
the other responses, including the acceleration ofthe pulse and-iffatigue is present-an
increase in vital capacity that enriches the blood flow.50
We will next examine VergaraLope's results in the light ofourpresent-day knowledge.
Method
We used physiological information of the 112 subjects that Vergara Lope studied and
later presented in the three tables of his 1893 book, to set up a database. Duplicated
46Ibid. p. 48. and Vergara Lope, op. cit., note 22 above,
47HerreraandVergaraLope,op.cit.,note22above, pp. 374-400, 446.
p. 482. 49VergaraLope, see articles cited in note 28 above.
48Vergara Lope, La anoxihemia barometrica, 50Vergara Lope, La anoxihemia barometrica,
op. cit., note 22 above, pp. 38, 41; Herrera op. cit., note 22 above, p. 41.
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Table I
Description ofthe population studied by Vergara Lope
Variable N Mean SD
Age 111 33.3 14.7
Altitude (m) 95 2237.0 411.0
Height (cm) 111 164.2 7.0
Weight (kg) 45 62.7 7.8
Thoracic circumference (cm) 53 89.9 6.3
Vital capacity (L) 110 4.8 1.3
Breathing frequency (min-) 111 22.8 2.4
Heart rate (min-') 111 79.2 10.2
Haemoglobin (g/dL) 51 14.7 1.2
Erythrocyte count (millions/mm3) 51 6.3 1.3
Body mass index (Kg/M2) 45 23.2 3.2
Tidal volume (L) 53 0.57 0.10
Minute ventilation (L/min) 53 13.2 2.74
Vital capacity as % ofpredictionfor otherpopulations
White North Americans* 110 109.3 40.0
Mexican-Americans* 110 109.0 39.5
Mexican workers (P6rez-Padilla and colleagues) 110 104.2 36.5
Europeans (Quanjer) 110 116.0 42.3
North Americans (Knudson) 110 121.3 50.5
Mexicans (Rodriguez Reynaga) 110 112.9 41.6
Data from the author's climb up the Popocatepetl volcano are included.
SD =standard deviation.
Subjects reported in Tables 1 and 2; n = 111; this figure includes ten women.
*White North Americans and Mexican-Americans from the third NHANES study (Hankinson and
colleagues).
Sources: J R Perez-Padilla, J Regalado and J C Vasquez, 'Reproducibilidad espirom6trica y adecuaci6n a valores
de referencia internacionales en trabajadores mexicanos demandando incapacidad', Salud Publica de Mexico,
2001, 43: 113-21; Report of Working Party, 'Standardized lung function testing', Bull. Eur. Physiopathol.
Respir., 1983, 19: Supp. 5, pp. 1-95; R J Knudson, M D Levowitz, D J Holberg and B Burrows, 'Changes in
the normal maximal expiratory flow-volume curve with growth and aging', Am. Rev. Respir. Dis., 1983, 127:
725-34.
measurements ofpeople who were studied onmore than one occasion during ascents ofthe
Popocatepetl volcanowereeliminated, andthevariablesofage, sex,height,weight,respira-
tory frequency, tidal volume and vital capacity were taken into account. Expected vital
capacity was calculated on the basis ofdata for height, age and sex for the adult Mexican
population and for Mexican workers according to data obtained by J R Perez-Padilla and
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colleagues (see Table 1 andFigure 5).51 These values were then compared with figures for
Europeans, North Americans and Mexican-Americans.52
The values forrespiratory frequency, tidalvolume andminute ventilation were similarly
compared with others reported for Mexico,53 and with figures for Tibetan and Aymaran
populations living at approximately 4,000 metres above sea level.54 Also included were
figures forPeruvians living at sea level and inMorococha, at4,450 metres above sea level
(see Table 2 and Figure 2).
Vergara Lope obtained the people he studied through what would now be called a
convenience sample, in which subjects are chosen on the basis of simple availability;
although individuals who were clearly ill were eliminated. Nonetheless, Table 2 of his
study shows that some ofhis subjects were convalescing from a variety ofmaladies. In the
modem world, it wouldbe indispensable to mention the exposure totobacco-perhaps not
overly common atthattime-andto smokefromfirewood (probably quitegeneralized), as
well as to dust and chemical substances. Although the deleterious effects of smoke from
tobaccoorfirewoodwereunknownatthetime,thesamecannotbesaidfortheeffectsofdust
upon workers, sinceithadbeenrecognizedfromtheRenaissance thatminerssufferedfrom
dust-inflictedailments. VergaraLope maywellhavebeenawareofthis,becausein 1896he
published the results ofa study that he had carried out among miners.56 Nevertheless, the
representativeness ofthe subjects whose responses to high elevations were studied can be
questioned, though he stated that he did not choose only the most vigorous and included
several convalescents. Asampleoftargetpopulations wouldnothavebeenveryfeasible, as
it would have meant departing from the habitual methods of physiologists, who usually
studiedtheircolleagues andstudents.Itisinterestingtonotethatsomeofthesubjectsofthis
study would later become-or already were-prominent in Mexico; forexample, Alfonso
L Herrera, Jose Villada and Francisco Rio de la Loza, who were referred to as "cultured
persons from our society". "Common people" ("personas delpueblo"), however, were
also included. It is true that the most important adaptive and physiological changes of a
species can be discerned clearly by studying only afew subjects. On the otherhand, subtle
and less constant changes require the study ofmuch largerpopulations. Itis fairto say that
51J R Perez-Padilla, J Regalado-Pineda and
J C Vizquez-Garcia, 'Reproducibilidad espirometrica
y adecuaci6n a valores de referencia intemacionales
en trabajadores mexicanos demandando
incapacidad', SaludPu'blica de Mexico, 2001,
43: 113-21.
52P H Quanjer, Report ofWorking Party,
'Standardized lung function testing', Bull. Eur.
Physiopathol. Respir., 1983, 19: Supp. 5, pp. 1-95;
R J Knudson, M D Lebowitz, C J Holberg and
BBurrows, 'Changesinthenormalmaximalexpiratory
flow-volume curve with growth and aging', Am. Rev.
Respir. Dis., 1983, 127: 725-34; J L Hankinson,
J R Odencrantz and K B Fedan, 'Spirometric
reference values from a sample of the general U.S.
population', Am. J. Respir. Crit. Care. Med., 1999,
159: 179-87.
53E Staines, J Garcia-Trigueros and B Muiioz-
Bojalil, 'Algunos aspectos de la funci6n
cardiopulmonar en laciudaddeMexico',Neumol. Cir.
Tdrax., 1971, 32: 369-86; B R Muiioz-Bojalil,
'Estudios de ventilaci6n pulmonar, de gases y pH en
sangrearterialensujetossanosenlaciudaddeMexico',
Neumol. Cir. Tdrax. Mex., 1972, 33: 133-8.
54C M Beall, K P Strohl, J Blangero, S Williams-
Blangero, L A Almasy, M J Decker, C M Worthman,
M C Goldstein, E Vargas, M Villena, R Soria, A M
Alarcon and C Gonzalez, 'Ventilation and hypoxic
ventilatory response ofTibetan and Aymara high
altitude natives', Am. J. Phys. Anthropol., 1997,
104: 427-47.
55A Hurtado, 'Animals at high altitude: resident
man', ch. 54, Handbook ofphysiology: adaptation to
environment, American Physiological Society, 1964.
56D Vergara Lope, 'Un caso de anemia de los
mineros y tuberculosis incipiente', Memorias de la
Sociedad Cientifica Antonio Alzate, 1896-97,
10 (5-6): 169-82.
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Figure 2: Breathing frequency per minute-the bar indicates the standard deviation-reported by
VergaraLope (andotherauthors)forhealthy subjects atdifferentaltitudes. Observethatthebreathing
frequencies reported by Vergara Lope in Mexico City are greater than those given by other authors,
including those reported for native Sherpas or Aymaras at much higher altitudes.
on the basis of the group he studied, Vergara Lope could detect the larger changes that,
generally speaking, are most important from the point of view of adaptation.
The Measurement of Respiratory Frequency
VergaraLopemeasuredrespiratoryfrequencymanually, usingaspirometerandMarey's
pneumograph that. could measure either directly or by transmission. The earliest such
measurements he tookin 1889 atthe Beistegui hospital and the Instituto MedicoNacional,
usingcolleagues fromthe School ofMedicine. Later, he also usedthe SchnepfandGalante
spirometer, in addition to Marey's sphygmograph.
Not wishing to leave the exactitude of the results only to the senses, and in order to gather the
number of respirations and pulsations per minute with greater precision, I have seen fit to employ
three apparatuses: the pneumograph modified by Marey, the transmission sphygmograph, also by
Marey, and both apparatuses connected by a rubber tube with two inscription levers; which leave
their marks in parallel and simultaneous fashion on a horizontal inscriber cylinder placed so as to
give exactly one revolution per minute. [All the instruments] were calibrated to ensure perfect
functioning, including a Schnepf spirometer, whose graduation was carefully rectified. [I thus]
proceeded with my research.57
In La vie sur les hautsplateaux, he commented:
Above all, the spirometer provides us with the volume of air that circulates through the lungs,
during both inspiration and expiration. The pneumograph informs us as to the special mode of the
mechanical act, of the particularities of the movement of the thorax in each one of the moments of
respiration, as well as the degree ofdisplacement of the different points of the thorax to which the
57Vergara Lope, Refutacion tedrica, op. cit.,
note 22 above, pp. 32-5.
507A C Rodr(guez de Romo and J R Pe'rez Padilla
apparatus is applied. By placing three perfectly equal pneumographs in distinct locations, I have
succeeded in demonstrating the differences that exist in the movements of the thorax among men,
women and children.58
Onthebasis oftheobservationofhisgraphs,VergaraLopeconcludedthattheinspiration
curve was rectangular, and almost rectilinear. After that came the expiration curve that is
regular atfirst, butthen becomes irregular (see Figure 3). Itis undulated andprolongs itself
smoothlyuntiltheinspirationcurvebeginsonceagain. Healsonotedthatthehighlyangular
curves corresponded to the contact of the heart with the thoracic wall (in the case of the
gymnast, forexample). Regarding allthelines, VergaraLopepointedoutthatthegraphpart
is reversed, in order-he said-to better distinguish the correspondence ofthe undulations
with the points of the line from the sphygmograph.
Inordertoemphasize furtherhis theory oftheincreaseofrespiratory frequency, Vergara
Lope affirmed that as aconsequence ofthis increment the sizeofthe thorax also increases;
this he illustrated by means of silhouettes that he drew himself.
[In indigenous people] the sternum is elevated to a great height, the prominence of inspiration
extends to the entire abdomen ... at the same time as the action of the respiratory muscles, the
diaphragm, exercises a much greater pressure on the more mobile thorax, [thus] raising the sternum
even higher than in Europeans.59 [See Figure 4.]
Vergara Lope tried to make his subjects feel comfortable. For example, in order to
suppress the inhibiting action ofthebrain-in so far as this waspossible-they attentively
readbooks throughout the experiments, so thattheirrespiratory movements wereperfectly
automatic and independent of their volition.60
VergaradescribedinsomedetailtheuseofthesphygmographandMarey'spneumograph
for measuring pulse and blood pressure. At the same time, he measured respiratory
frequency. These apparatuses could be used directly or through transmission. He believed
that the direct mode was more precise, because in the second case:
... the elastic column of air that transmits the movement to the inscribing-lever drum, cushions to
some extent the impulse that the drum of the sphygmograph receives, [thus] losing, naturally,
amplitude and perfection in the details of the line. It is necessary to give the elastic membranes of
both drums a very weak tension, and reduce as far as possible the [pressure] of the lever on the
cylinder of the polygraph.'
More specifically, he stated:
[I] place Marey's transmission sphygmograph on the radial flute of the wrist, in combination with
the inscribing drum, thus obtaining a line on Foucault's cylinder with a regulator, placed in such a
way that it gives one revolution per minute. In this way, the graph obtained was continuous during
the entire duration of the experiences ... 62
However, as previously noted, he commented on the difficulty of working with the
spirometer. The use ofthis instrument (inventedby John Hutchinson [1811-1861]) spread
58HerreraandVergaraLope,op.cit.,note 22 above, 61D VergaraLope, 'Hematologiade las altitudes y
p. 480. su relaci6n con la clinica y la terapeutica', Revista
59Ibid., p. 481. QuincenaldeAnatomiaPatoldgicayClinicasMedicay
50D Vergara Lope, 'Acci6n del aire enrarecido Quirurgica, 1896, 1 (7): 204.
sobre el hombre, Memorias de la Sociedad Cientifica 62Vergara Lope, La anoxihemia barometrica,
Antonio Alzate, 1896, 1: 179. op. cit., note 22 above, p. 14.
508Figuri,e 3: Vergara's graphs measuring the breathing of Mexicans. From A L Herrera and D Vergara
Lope, Lai vie Asili les Iii(itts pICte(1l . InIflu( e(C 1 PI C (eIss ion c b toIqi .IqeNli IC1 (Y coIstitution (t ie
devXelolpemnent (des eti.es o01(iglise's, Mexico, Imprimerie Escalante, 1899, figure 90.
after 1 864. and, presumably. despite the methodological problems that researchers of that
period may have encountered, it was recognized as valid and reliable. We now know that a
number of quality control measures are required, beginning with the instrument itself
(Vergara said the first step was to have an instrument of one's own) but including procedures
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Figure 4: Silhouettes drawn by Vergara Lope showing the differences in the thoraxes of(from left
to right) an African, a European, and an American Indian. From A L Herrera and D Vergara Lope,
La vie sur les hauts plateaux. Influence de la pression barometrique sur la constitution et le
developement des etres organise's, Mexico, Imprimerie Escalante, 1899, figure 93.
to standardize the tests, the use ofreference values and the interpretation ofresults.63 By
modem standards, Vergara's spirometric studycouldwellbeconsideredquestionable. The
spirometers then available were ofthe volumetric, water-sealed, bell type, that are able to
measurevolumessuchasvitalcapacity.Today,bothflowand,especially,forcedrespiratory
volume in the first second (FEV1) are among the measurements taken. They require low-
inertia equipment and a precise response to high-frequency events; features that are not
characteristic of early instruments of the metal bell type.
Spirometersneeddailycalibrationwithasyringetoassurereliability,thoughthiscanalso
be accomplished with a water displacement system that was available at the time. Bell
spirometers arepreciseinthe measurementofvolume aslong asthere are noleaks,eitherin
thebellitselforinthetubingthatisputintothesubject's mouth. Althoughhewastrainedin
physiological methods, we do not know ifVergara Lope actually mastered such technical
63American Thoracic Society, 'Standardization Society, 'Lung function testing: selection ofreference
of spirometry (1994 update)', Am. J. Respir. Crit. values and interpretative strategies', Am. Rev. Respir.
Care Med., 1995, 152: 1107-36; American Thoracic Dis., 1991, 144: 1202-18.
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Figure5: FVC%PisthevitalcapacityofsubjectsstudiedbyVergaraLope,expressedasapercentage
ofthe values predicted for Mexican workers as a function of age. Though the means are clustered
around 100, observethedispersionofvalues, someofwhicharemuchhigherthanthemean.Thismay
betheresultofinaccuraciesinthemeasurements. FromDVergaraLope,Laanoxihemiabarometrica,
Mexico, Oficina Tipografica de la Secretaria de Fomento, 1893, unpaginated tables.
details. Bythe sametoken, the spirometric graphhelpsconsiderably intheinterpretation of
data andthe evaluation ofdataquality. Inhis 1890book, Vergarawrote: "In orderto show
the result obtained through this procedure, I also attach one ofthe tracings inscribed using
this apparatus".64
A Modern Analysis of Vergara Lope's Results
Table 1 contains a summary of the data that Vergara Lope reported in his first three
charts. The group studied consisted almost entirely of men. The vital capacity indicated
is not statistically different from the expected value forthe modem Mexican population of
the same size and age. Figure 5 shows the distribution of the values as a percentage of
that which was predicted for a population of workers at the altitude ofMexico City. The
data are widely dispersed and the results of some subjects fall far above or below those
values, but there is no significant departure from the 100 per cent expected.
Table 2presents theventilatorypatternofthesubjects studiedbyVergaraLope,together
with thoseofotherMexicans andofothersubjectsthatlive inelevated areas. Itis clearthat
therespiratory frequency indicatedbyVergaraLope (22perminute) isconsiderably higher
thanthevaluesreportedforMexicans acentury later. Infact, itisalsohigherthanthefigure
64Vergara Lope, Refutacidn tedrica, op. cit.,
note 22 above, p. 35.
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for the inhabitants of Tibet and the indigenous Aymara of Peru, who live at even higher
altitudes (4,000 metres, Figure 2). In fact, the figure reported byVergaraLopeis similar to
that found among people now living in Mexico City who suffer from respiratory ailments
withinterstitial lung diseases andchronic obstructive pulmonary disease.65 Inaddition, the
lowestfrequencyrecordedwas 17, and83 subjects (75percent)hadafrequencyofbetween
20 and 24; all of which reveals a remarkable uniformity.
The wide dispersion ofthe values forvital capacity reported by VergaraLope may well
reflect, more than anything else, a certain degree oftechnical imprecision in his measure-
ments. The standard deviation of these measurements, expressed as a percentage of the
predictedvalues,isbetween30and50percent;implyingacoefficientofvariationofatleast
30 per cent; which is well above the 12 per cent that is normally observed among popula-
tions. This prompts the suspicion that both Vergara Lope's use of the spirometer and his
method oftaking measurements were imprecise. The averages obtainedformen, however,
are approximately 4 per cent higher than the reference figures found in recent studies of
Mexican workers and-from theperspective ofphysiology-do notrepresent asignificant
difference. As these are figures that have been adjusted for height, age and sex, one
possibility is that Vergara's subjects may have had a different ratio between length of
trunkand stature; thatis, thepeoplewereofthe sameheightbuthadshorterlegsandalarger
thorax. In fact, the average height seems to be less than that currently found among the
metropolitan population.
Thebreathing frequency documented by Vergarainthelate nineteenth century ishigher
than thatfound in arecent study ofthe Mexicanpopulation. Indeed, itis fasterthan among
inhabitants ofhigher elevations than those ofMexico, such as the Sherpas ofTibet and the
Aymara ofthe Andean area; butitis similartothefrequencyreported forpeopleexamined
in Mexico City who suffered from restrictive pulmonary problems or emphysema, as
mentioned above.66 It is difficult to explain this difference solely on the basis oftechnical
variations, because breathing frequency can be measured without equipment, using only
observation and a chronometer. It is well-known that breathing through a mouthpiece can
modify respiration patterns and that some time is-required for a subject to become accus-
tomed to such an apparatus. Eventakingthisintoaccount, however, itisdifficult toexplain
Vergara Lope's results in any satisfactory way by applying the parameters of modern
technology. It is possible that the equipment was badly manufactured (perhaps with a
great deal of "dead space") but this usually increases the depth of respiration in young
adults, though frequency tends to rise in older ones.67 Anxiety may increase frequency,
although the usual response is an irregularity of depth.68 Vergara Lope does mention,
65j C Vazquez, 'Respiraci6n noctumaenpacientes K P Van de Woestijne, 'Unsteadiness of breathing
con enfermedad pulmonar intersticial y enfermedad in patients with hyperventilation syndrome and
pulmonar obstructiva cr6nica en la ciudad de Mexico, anxiety disorders', Eur. Respir. J., 1997, 10:
a 2240m de altura sobre el nivel de mar', MA thesis in 167-76.
Medical Science, Universidad Aut6noma de Mexico, 68F H Wilhelm, W Trabert and W T Roth,
1996;GChi-LemandJRPrez-Padilla, 'Gasexchange 'Characteristics of sighing in panic disorder', Biol.
atrestduringsimulatedaltitudeinpatientswithchronic Psychiatry, 2001, 49: 606-14; J L Abelson, J G Weg,
lung disease', Arch. Med. Res., 1998, 29: 57-62. R M Nesse and G Curtis, 'Persistent respiratory
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however, that all the subjects ofhis study were calm, and "isolated from any exciting or
depressing action".69 It is interesting to see how he attempted to attribute this ventilatory
increase exclusively to the increase in respiratory frequency, with no modification in
profundity. Curiously, what has been observed at moderate elevations is precisely the
contrary; that is, respiratory frequency tends to remain constant while tidal volume
increases, thus providing greater volume at the same rhythm. Vergara Lope himself
observed that the respiratory frequency of some of the people who climbed the volcano
lessened instead ofincreasing, buthedidnotknow to whatto attribute thisphenomenon.70
The variation of breathing frequency in Vergara's subjects is very small, as 75 per cent
showed between 20 and 24 per minute. Thus, it is not only the mean frequency that is
unusual, but also the reduced variability, and this for a variable that can be measured very
simply, with no other equipment than a watch. It is important to note that Vergara's
measurements ofpulse are highly congruent with the figures he proposed for respiratory
frequency: in a study of 825 people carried out in 1895, he found an average of 80 to
85 pulsations perminute; thatis, therelationbetweenrespiratory movementandpulse was
found to be 1-to-4.71
Discussion
Is Adaptation Perfect?
The most important change in the acclimatization process is the ventilatory increase
(asVergaraLopepointedout). Muchlessrelevantaretheincreases inhaemoglobinandthe
metabolic compensation for the acute hyperventilation that hypoxaemia triggers. A dis-
placement ofthe oxygen dissociation curve with haemoglobin towards the left as happens
geneticallyinllamas (intheAndes) orbecauseofextremehyperventilation andalkalosisin
humans onMount Everest, may promote oxygen intake from the atmosphere at extremely
highaltitudes. Thisisnot,however, anormalfinding atloweraltitudes. Tissuechanges-in
flow or aerobic metabolism-take some time to occur, but can be of greater relevance.
In this sense, acclimatization to high altitudes would be perfect ifthe level ofmixed or
tissularP02 athigh elevations were maintained at an identical level to thatobserved at sea
level,bothduringrestandexercise; andifphysicalcapacityathighaltitudes andatsealevel
were also identical. In reality, however, this does not occur at moderate altitudes. The
diminished tolerance for aerobic exercise in Mexico City compared to that observed at
sea level has been well-known since the 1968 Olympic Games. In this sense, then, perfect
acclimatization to high altitudes does not exist.
Returning to Jourdanet and Vergara Lope, we find a paradoxical situation. The
Frenchman was correct in proposing the existence ofthe syndrome he called "barometric
anoxaemia",buttheMexican wascorrectinarguingthatthiscondition washardlylikelyto
occur at the elevation ofthe Valley ofMexico. IfJourdanet exaggerated the impact ofan
elevation of 2,240 metres above sea level, then Vergara Lope exaggerated the degree of
perfection ofhis mechanisms of acclimatization.
69Vergara Lope,Refutacidn tedrica, op. cit.,
71Vergara Lope, op. cit., note 61 above.
note 22 above, p. 35.
70Vergara Lope, La anoxihemia barometrica,
op. cit., note 22 above, p. 69.
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Itisalsorelevanttodistinguishbetweenashortstayathighaltitudesandaprolongedone.
SomehumanscanclimbMountEverestwithoutoxygenandremainthereforafewminutes;
thoughthey are, ofcourse, almostonthevergeofdeath. Ontheotherhand,itisnotpossible
to remain at altitudes greater than 5,000 metres for months or years without experiencing
corporal deterioration. At such altitudes, therefore, there is no such thing as permanent
acclimatization.
Just as remaining on Mount Everest without oxygen is possible for a only a very few
people andeventhenforonly afewminutes atatime, longresidenceatloweraltitudesmay
generate overtime aneffectthatCarlosMongeMedrano (1884-1970) describedastheloss
of high-altitude adaptation (chronic mountain illness). This means that subjects who are
apparently acclimatized to high elevations would eventually fall ill and die ifthey do not
descend (Monge's disease). Vergara Lope understood chronic mountain disease very well
andknewthatthechangesbroughtaboutbylivingpermanentlyathighaltitudeswerenotthe
same asthosecausedbythetemporary adaptationofpeoplewhoascendgraduallyandthen
come back down. He described these experiences in articles published between 1894 and
1910inMemoriasdelaSociedadCientificaAntonioAlzateandAnalesdelInstitutoMedico
Nacional.
Monge's disease is more frequent and has an earlier onset at higher elevations and in
subjectswhoaremore susceptible. Itislesscommonandappearslateratloweraltitudesand
in subjects with a greater capacity for acclimatization. Given that hypoxaemia is what
triggers these phenomena, any factor that aggravates this condition (such as pulmonary
illness or obesity) will exacerbate the loss of adaptation.
As is the case with any otherbodily function, thedegree ofadaptability tohigh altitudes
varies among human beings in a way that does not depend solely on training or aerobic
capacity. The degree of ventilatory response to hypoxaemia, for example, is directly
proportional to the capacity to ascend and inversely proportional to the frequency of the
adverseeffectsofhighaltitudes. Thisconfirms thepreponderantroleofhyperventilation in
adaptation, asVergaraLopepointedout.Wenowknowthattheresponsetohypoxaemiahas
animportantgeneticcomponent72 andthatVergaraLoperecognizedthevariability among
humans and a predisposition to ill health, a phenomenon that at the time was known as
diathesis.
Daniel Vergara Lope and his Circumstances
As already mentioned, despite the methodological difficulties of the period, Vergara
Lope's values for vital capacity are similar to those of a modem population residing in
Mexico. Vergara was a dedicated scientist and an obsessive experimentalist. His rigour in
the implementation of the scientific method, in ensuring similar conditions for all his
experiments, and in his use of mathematical and statistical interpretation permeates his
work. Thoughhementioned the apparatusesheused, unfortunatelyhedidnotspeakclearly
of the technical problems he may have encountered, nor how he overcame them. Such
information might well have allowed us to present a better explanation of the results he
obtained.
72K A Fagan and J B Weil, 'Potential genetic circulation and ventilation at high-altitude,
contributions to the control of the pulmonary HighAltitude Medicine andBiology, 2001, 2: 165-71.
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In order to comprehend VergaraLope andhis science, itis important to understand both
thehistorical momentinwhichhe lived andhisown personal convictions. His Mexico was
characterizedbyadeepyearning foranational identity andadesiretoprovethatitscitizens
hadnotbeen doomedbythegeographical environment in whichthey weredestinedto live.
What betterthan medical science-and above all, physiology-to resolve whathe himself
expressed as:
... a matter exclusively ofnational interest and notable transcendence for future progress, not only
scientific, but also hygienic-practical and social ... Mexicans shall not be a miserable race, a fatal
victim of the cosmic environment in which they find themselves and incapable of any kind of
progress. To put all things in their proper place, that is my wish and that of all those who seek
truth.73
ForVergara Lope, the theory of "barometric anoxaemia" was notonly falsebuthad not
taken into account the real physiological and anthropometric parameters of the Mexican
population:
It was only a short time ago, when we looked back on things and attempted to establish our own
national medicine, our own natural sciences, that we perceived with amazement that we still have to
start along a road that we believed had already been travelled to a large degree. We do not know
just what we are like, our height, our weight, the circumference of our chest, nor what conditions
our blood should fulfil, [nor] the number oflitres ofurine we excrete in 24 hours!! ... It is enough
to open any book on physiology written in French (almost always in French) and copy. What does it
matter? Neither our climate, nor our diet, nor our customs in general can alter in Mexico the results
obtained in Paris!!74
Vergara Lope was a man of firm convictions who may well have made a myth of his
experimental work. He gave ideological and political weight to his science. Perhaps one
cause ofhis initial success was the exaggerated nationalism that so greatly motivated him
but, paradoxically, may laterhavecausedhisundoing. Nationalism in science is afrequent
phenomenon because science is a human activity.
Contemporary historians ofscience recognize that the development ofscience depends
upon many factors in the countries where it takes place; for example, cultural and social
conditions, certain characteristics such as religion, language, type ofgovernment and the
stratification ofsocialclasses, thevaluethatthepopulation grants to scienceandtheease or
difficulty with which people can accede to it, etc. (Regarding nineteenth-century medical
science, forexample, wespeakof"Germanchemistry", "Frenchphysiology" or "English
physiological chemistry".) Infact, there are studiesthatrelate suchfactors asnationality to
the winners of the Nobel Prize.75
InNationalism andinternationalism inscience, ElisabethCrawford mentions thatin the
1830s Alphonse de Candolle, the Swiss naturalist, was one ofthe first to reflect upon the
topic of science and nationalism. His work was serious, though he assumed, apriori, that
73Vergara Lope, La anoxihemia barome'trica, 75See, for example, Elisabeth Crawford,
op. cit., note 22 above, p. 53. Nationalism and internationalism in science, 1880-
74D Vergara Lope, 'Hematologia de las altitudes 1939, Cambridge University Press, 1990, and
en sus relaciones con la clinica y la terapeutica', L W Home and S G Kohlstedt (eds), International
Revista Quincenal de Anatomia Patoldgica y science and national scientific identity, Dordrecht,
Clinicas Medica y Quirurgica, 1896, 1 (11): Kluwer Academic, 1991.
360-1.
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"those belonging to the Asian, African and Native American races have remained
completely outside the scientific movement".76 Although itis saidthatscienceisuniversal
in character, in strict terms this is not true. Many characteristics that we could qualify as
"national" determine the development of science in each nation. It is clear that national
differences exist in the development ofscience. During VergaraLope's life, these national
differences influenced Mexican science, as well as the thought and actions of the man
himself. Had he been a scientist today, Vergara Lope would have been measured by his
peers throughout the world and might have belonged to the international scientific elite.
However, his circumstances were different.
The evolution of science and the evolution of the social history of science cannot be
measured on the same scale. The factremains that, despite his many works andundeniable
contribution toMexicanphysiology, VergaraLopehasremained inobscurity. Areasonfor
this, in addition to the possible explanations that we have presented in this study, couldbe
thatthen-asnow-thesciencethatwascarriedoutindevelopingcountries wasconsidered
"peripheral", and people thought that "true" scientific knowledge was transplanted or
imported from developed countries. This article also evokes the ideas of colonialism in
science and in the history of science in Mexico. There are very interesting cases of this
phenomenon, especially in relation to French science. Under the flag ofhumanitarianism
andthrough the application ofthebenefits ofmedicine, real intentions ofcolonization did,
in fact, exist.77
In Peru, Carlos Monge Medrano also made a nationalistic defence ofthe adaptation to
high altitudes and-almostthirty years later-described the samephenomenathatVergara
Lope had found.78 However, Monge's personality and the circumstances ofthe period in
which he lived brought him worldwide fame.79
Part ofthebasis ofmodern Mexican physiology is thehigh-altitude branch, andVergara
Lope was unquestionably the pioneer in this field. At the same time as he applied the
experimental method in the strictest sense of the term, he also incorporated the use of
instruments and mathematics in laboratory research.
When all is said and done, however, it was his nationalism that finally trapped him, and
it may be that his objectivity vanished in the face of his obsession with vindicating the
Mexican race andtheMexican highplateau. Nevertheless, his fieldcontinues as aresearch
subject in many prestigious centres around the world. Several aspects ofthephysiological
response ofhumans tomoderatealtitudes are still largelyunknownandconstitute apriority
for a considerable number of people in many countries. Vergara Lope's general idea of
adaptation toaltitudeiscorrect, asishis sensethathumanlife atmoderate altitudes was not
necessarily doomed. Daniel VergaraLope Escobar was indeed the first scientist to demon-
strate themechanismofadaptation tohighaltitudes, thoughtheworldhastakenlittlenotice
ofhis work.
76Crawford, ibid., p. 12. colonialism, Bloomington, Indiana University Press,
77The situations described in the following works 1990.
illustrate the Mexican case very well, though they 78Carlos Monge Medrano, La enfermedad de los
refer to other countries. P Petitjean, C Jami and A M Andes:sindromeseritremicos,Lima,Americana, 1928.
Moulin, Science and empires: historical studies about 79A C Rodriguez de Romo, 'Daniel Vergara Lope
scientific development andEuropean expansion, and Carlos Monge Medrano: two pioneers ofhigh
Dordrecht, Kluwer Academic, 1992; M A Osborne, altitude medicine', High Altitude Medicine and
Nature, the exotic and the science ofFrench Biology, 2002, 3 (3): 299-309.
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